Introduction
In graphite intercalation compounds (GIC), the intercalation of various atomic or molecular species in between graphene layers in graphite leads to novel properties and a very rich physics, including superconductivity (Dresselhaus & Dresselhaus, 2002) . In graphite intercalated with alkaline metals, superconductivity has been known for decades (Hannay et al., 1965) , but after recent discovery of relatively high T c superconductivity in CaC 6 (T c = 11.5 K) (Emery et al., 2005; Weller et al., 2005) research in this field has been intensified. In conventional metals, the electron-phonon coupling has long been known to be the pairing interaction responsible for the superconductivity. The strength of this interaction essentially determines the superconducting transition temperature T c . Even though the electron-phonon coupling is most likely responsible for pairing in GICs (Hinks et al., 2007; Kim et al., 2006; Lamura et al., 2006) , it is still not clear what electronic states, intercalant-or graphene-derived ones, and what phonons are responsible for pairing (Boeri et al., 2007; Calandra & Mauri, 2005; Mazin et al., 2007; Mazin, 2005) . Due to differences in structure and composition, no clear trends have been identified that could unambiguously resolve these issues. For example, KC 8 is a superconductor and LiC 6 is not. Further, in GICs intercalated with alkaline earths, T c ranges from zero to 11.5K, even though they share the same chemical formula MC 6 ,w h e r e M is an alkaline earth atom. This obviously represents a serious problem to the proposal that superconductivity originates from graphene sheets and that the only role of intercalants is to provide the charge to the graphene bands. Further, band structure calculations show that in graphite and GICs, an interlayer state exists above π * band (Holzwarth et al., 1984; Posternak et al., 1983) , prompting some researchers to propose that its partial filling and coupling to soft intercalant phonons induces superconductivity in GICs (Csányi et al., 2005; Mazin, 2005) . The experimental situation is still inconclusive, with strong advocates for intercalant (Hinks et al., 2007) and graphene dominated superconductivity (Dean et al., 2010; Grüneis et al., 2009; Kim et al., 2006; Pan et al., 2010; Valla et al., 2009) . Recent angle resolved photoemission spectroscopy study on CaC 6 (Valla et al., 2009) reported that the electron-phonon coupling on graphene-derived Fermi surface to graphene phonons is strong enough to explain a T c in the range of tens of Kelvin, indicating that graphene sheets provide crucial ingredients for superconductivity in GICs. However, to test this idea, it would be important to extend similar studies to GICs with different T c . One manifestation of electron-phonon coupling is a renormalization of the electronic dispersion or a "kink" at the energy scale associated with the phonons. This renormalization is directly observable in a photoemission experiment, making photoemission spectroscopy an ideal probe of electron-phonon coupling. In this chapter, we present the angle resolved photoemission studies of the electronic structure and the electron-phonon coupling in the non-superconducting LiC 6 and in superconducting KC 8 (T c = 0.39 K) and compare these materials with several other GICs. We find that the electron-phonon coupling on the graphene derived π * states to the graphene derived phonons increases with the filling of π * states in a sequence from LiC 6 to KC 8 to CaC 6 , following the same trend as T c . The positive correlation between these quantities implies that superconductivity originates in graphene sheets while the main role of intercalants is to provide the charge for filling of the graphene π * states.
Photoemission and interactions
In photoelectron spectroscopy, a photon of known energy, hν, is absorbed and the outgoing electron's kinetic energy E K = hν − φ − ε k and angle are measured. These properties determine the binding energy ε k and parallel momentum k of the hole left in the occupied valence bands (Kevan, 1992) . Interaction effects, including for instance electron-phonon coupling, cause the infinitely sharp line spectrum of independent electron theory,
where the complex self-energy Σ(k, ω) contains the effects of the many body interactions. The spectral function of the photo-hole, A(k, ω), then takes the form
The real part, ReΣ(k, ω), gives a shift in energy and associated mass enhancement, while the imaginary part ImΣ(k, ω) gives the lifetime broadening of a quasiparticle. The spectral function A(k, ω) is a fundamental quantity that determines all the properties of a many-body system. It can be directly measured in a photoemission experiment because the intensity of photoelectrons is given by
where M represents the matrix element linking the initial and final states in the photoemission process, A(k, ω) is the single particle spectral function given in equation (2) and f (ω) is the Fermi function which enters because the photoemission process is restricted to excitation from occupied states.
Electron-phonon coupling in photoemission
We now focus on the electron-phonon coupling. The electron-phonon coupling contribution, Γ e−ph = 2ImΣ e−ph , to the total scattering rate may be calculated via the Eliashberg equation such that (Mahan, 1990 )
where α 2 F is the Eliashberg function and f (ω) and n(ω) are the Fermi and Bose-Einstein distribution functions, respectively. (Grimvall, 1981 ) Γ e−ph (ω, T) monotonically increases with energy over the region |ω| < ω max (for T=0), where ω max is the cutoff of the phonon spectrum. The exact functional form is slightly dependent on the phonon spectrum. The temperature dependence of Γ e−ph is approximately linear at higher temperatures, with slope
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Physics and Applications of Graphene -Experiments Fig. 1 . Angle-resolved photoemission spectroscopy experiment. (a) Scienta hemispherical analyzer composes of a cylindrical lens, a hemispherical energy analyzer and a 2-dimensional detector (dark square). The entrance slit of the hemisphere selects a single angular line out of a finite solid angle collected by the lens. This defines a line in the inverse space over which the photoemission intensity is detected on a detector (b) Typical 2-dimensional photoemission intensity map as a function of kinetic energy E K and angle θ from NbSe 2 sample (Valla et al., 2004) . Bright (dark) represents high (low) photo-electron intensity.
2πλk B ,whereλ is the electron-phonon coupling constant given by (Grimvall, 1981) 
and k B is Bolzman constant. For most metals 10 meV < ω max < 100 meV, and λ falls between 0.1 and 1.5. The electron-phonon coupling constant λ can be extracted directly from ReΣ as λ = −[∂(ReΣ)/∂ω] 0 by fitting the low energy part of ReΣ to a straight line. The scattering process is illustrated in Fig. 2 where we consider a coupling to a single phonon mode at energy Ω 0 . Coupling to such a mode (at T = 0 K) will result in a step function in the scattering rate or ImΣ. The step function reflects the observation that when the photohole has enough energy to create the mode (ω ≥ Ω 0 ), scattering from the mode opens up a decay channel, thereby limiting the lifetime. The real and imaginary parts of the self energy are related via causality through a Kramers Kronig transform. Thus the step function in ImΣ results in a cusp function for ReΣ. Such an energy dependence of Σ affects the measured spectra in two ways. Above and below the mode energy there will be a noticeable change in the quasiparticle width. Secondly, the measured dispersion will be given by ǫ k0 + ReΣ(k,ω) and will display the mass enhancement observed immediately below the Fermi level as presented in Fig. 2 (e). Modern photoelectron spectrometers allow the simultaneous measurement of photoelectron intensities from a finite range in both energy and momentum space. A typical image is shown in Fig. 1 . The ability to obtain such images has led to the development of new methodologies for the extraction of self-energies. The spectral response in Fig. 1 (b) may be analysed by taking an intensity cut at constant angle or momentum, the so called energy distribution curve or by taking an intensity cut at constant energy, a momentum distribution curve. In the limit of a momentum independent self-energy and a linear bare dispersion (ǫ k0 = v 0 (k − k F ),w h e r e v 0 represents the bare velocity), the momentum distribution curve is a simple Lorentzian, centered at k m = k F +[ω 0 − ReΣ(ω 0 )]/v 0 and with the full width at half maximum ∆k = 2ImΣ(ω 0 )/v 0 . The self-energy can thus be simply extracted from momentum distribution curve peaks at any binding energy, as has been discussed in several papers. (Kaminski et al., 2000; Kordyuk et al., 2005; LaShell et al., 2000; Valla et al., 2000) The same method of analysis has been employed here to study the electron-phonon coupling in GICs.
Photoemission from graphite intercalation compounds
The experiments were carried out on a Scienta SES-100 electron spectrometer operating in the angle resolved mode at the beamline 12.0.1 of the Advanced Light Source. The spectra were recorded at the photon energy of 50 eV with the combined instrumental energy resolution of 20-25 meV and the momentum resolution of 0.008 Å −1 in geometry where the polarization of light was perpendicular to the probed momentum line. The thin flake of pristine graphite was obtained by micromechanical exfoliation of HOPG on a SiO 2 /Si substrate in air. From the optical contrast and from Raman data, the thickness of the flake was determined to be in the range of 7-9 graphene layers. The flake was annealed to 600 K in the ultra-high vacuum chamber before angle resolved photoemission studies. The LiC 6 and KC 8 samples were prepared by intercalating natural, single-crystal graphite flakes (Madagascan) as described in Ref. (Dresselhaus & Dresselhaus, 2002; Pruvost et al., 2004) . The CaC 6 samples were prepared via immersion of a HOPG platelet or single-crystal graphite flake in a lithium/calcium alloy for 10 days. X-ray diffraction showed very high sample purity with no graphite or secondary stage phases. SQUID magnetometry revealed a sharp (∆T ∼ 0.3K) superconducting transition at ∼ 11.6 K (onset) for CaC 6 samples. To avoid degradation, all samples were unsealed and glued to the sample holder with Ag-epoxy in an Ar filled glow box. Protected by the cured epoxy, they were then quickly transferred to the angle resolve photoemission prep-chamber,
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Physics and Applications of Graphene -Experiments and cleaved at low temperature (15-20 K) under ultra-high vacuum conditions (2 × 10 −9 Pa). All data were collected at 15-20 K.
Electronic structure and charge transfer
Fig . 3 shows the angle resolved photoemission spectra near the K point in the graphene Brillouin zone for pristine graphite, LiC 6 ,K C 8 and CaC 6 .T h eu p p e rp a n e l s( a )- ( d ) graphite, LiC 6 ,KC 8 and CaC 6 , respectively, indicating that the filling of the π * band increases in that sequence. In particular, it appears that the π * band is filled more in KC 8 than in LiC 6 and that it forms a larger Fermi surface in the former material. The area enclosed by the Fermi surface (lower panels in Fig. 3 ) is a direct measure of doping of graphene π * states, i.e. of the charge transferred into the graphene sheets. The Fermi surface area is determined from peak positions of momentum distribution curves at Fermi level and compared to the 3 rd nearest neighbor hopping tight binding band structure. In pristine graphite, the Fermi surface is essentially a point, indicating nearly neutral graphene sheets. In the intercalated samples the Fermi surface grows from LiC 6 to KC 8 to CaC 6 . Its area is 0.399 Å −2 in KC 8 , corresponding to 0.11 electrons per graphene unit cell, or 44% of the nominal value of 0.25 for the complete charge transfer. In LiC 6 , the enclosed area is 0.125 Å −2 , corresponding to the doping of only 0.0344 electrons per graphene unit cell (GUC). This is far below the nominal value of 1/3 electrons per graphite unit cell expected for the complete intercalant ionization. For CaC 6 the complete charge transfer would involve a donation of 2 calcium electrons to the graphene sheets, equivalent of the doping of 1/3 electrons per C atom (or 2/3e − per unit cell). Instead, the measured Fermi area gives approximately 0.18 electrons per C atom. The incomplete charge transfer into the graphene π * states would suggest that the remaining charge occupies the so-called interlayer band. There has been a substantial body of theoretical work that depicts the intercalant-derived interlayer states and phonons as main contributors to superconductivity in GICs. However, so far there has been no clear evidence of the intercalant-derived nearly free electron band in photoemission experiments. The occupation of the interlayer state has been recently reported in CaC 6 (Sugawara et al., 2008) , but the observed feature was very weak and broad. There, even the graphene-derived π * state was very broad and did not form an enclosed contour at the Fermi level, casting doubts on these results. Our experiments always show relatively sharp π * band that forms a well defined Fermi surface. However, in MC 6 (M=Li, Ca, Ba) materials, in addition to π * band, we always see a broad feature at slightly higher binding energy that follows the π * band, dispersing upward from K point ( Fig. 3(b) and (d)). Further from the K point, it loses intensity and its dispersion cannot be precisely traced. In CaC 6 , this feature is observable over larger region of k space (Valla et al., 2009) . It is possible that this is a remnant of an interlayer band, smeared out by a disorder within the intercalant layers and folded into the K point of the graphene Brillouin zone. However, our measurements do not show any evidence of the interlayer band in the region from which it should be folded to the K point -the Γ point. Of course, the missing charge has to be somewhere and even if the state is completely incoherent it still can count for the missing charge. We note that in pristine graphite, the interlayer hopping t ⊥ splits both π and π * bands into the bonding and antibonding counterparts due to the AB stacking of graphene sheets. It would be tempting to assign the broad feature to a bonding π * state, due to similarities with π * in initial dispersion. However, unlike the pristine graphite, all the first stage GICs have the AA stacking of graphene sheets and such assignment would be incorrect.
On the other hand, in LiC 6 and CaC 6 the π * band might be split due to the AB stacking of the intercalant (if there is not too much disorder in the intercalant sites). If this was indeed the case, we counted only a portion of charge transferred to graphene layers. The alternative charge counts would be in this case 0.0616 and 0.349 electrons per C atom, for LiC 6 and for CaC 6 , respectively. We point out that, if this is indeed the case, only the antibonding counterpart, which appears more coherent, plays a significant role in superconductivity, because it is its filling and its coupling to phonons that determines T c , as will be shown in the next section. Irrespective of these issues, our experimental observation that the doping of graphene sheets is larger in KC 8 than in LiC 6 is opposite of the expected nominal doping, but is in line with the existence of superconductivity in these materials: KC 8 is a superconductor and LiC 6 is 460
Physics and Applications of Graphene -Experiments www.intechopen.com not. In the following, we identify the reason for the correlation between superconductivity and doping of the graphene sheets.
Electron-Phonon Coupling in Graphite Intercalation Compounds
It is evident from Fig. 3 that in all three intercalated materials, an anomaly or a kink in dispersion of the π * band occurs at approximately 160 meV below the Fermi level. This is a hallmark of the interaction of the electronic states with phonons (Hengsberger et al., 1999; Valla et al., 1999 ) that has been attributed to a coupling to graphene in-plane high-frequency phonons (Grüneis et al., 2009; Pan et al., 2010; Valla et al., 2009) . We now focus on CaC 6 , a system in which these effects are the most pronounced. Fig. 4 shows the angle resolved All the spectra are shown on the same momentum and energy scales and all were taken in the normal state, at T=15 K. The Fermi surface of CaC 6 encloses a significant area and has a concave triangular shape centred at the K point of the Brillouin zone. The charge transfer from intercalant atoms fills the graphene bands and the Dirac point has moved to 1.5 eV below the Fermi level. White lines in Fig. 4c ) correspond to the doping of 0.5 electrons per C atom, at which the van Hove singularity in the π* band sits at the Fermi level. An important observation can immediately be made: in all the spectra from Fig. 4a ), there is a renormalization of the quasiparticle dispersion at ∼160 meV below the Fermi level.
Superconductivity and Electron-Phonon Coupling in Graphite Intercalation Compunds
www.intechopen.com It is also apparent from Fig. 4 that the renormalization effects ("kinks) are not equally strong for all the points on the Fermi surface. Fig. 5 illustrates the anisotropy of the renormalization effects in CaC 6 . We have extracted the dispersions and the linewidths of the quasiparticle states by fitting the spectral intensities at constant energies, or momentum distribution curves (Valla et al., 1999) , with Lorentzian distributions. The real and imaginary components of the self-energy are then derived in the usual manner from the peak positions k m and widths ∆k of the momentum distribution curve peaks at each ω, as described in section 2.1, using the expressions
where v 0 represents the bare band velocity at ω (LaShell et al., 2000; Valla et al., 2000) . The starting approximation for the bare band was a tight binding dispersion which was then refined until the obtained ReΣ and ImΣ satisfied Kramers-Kronig transformations (Kordyuk et al., 2005) . We note that the choice of the bare dispersion may play a significant role in determining the exact shape and magnitude of the self-energy (Valla et al., 2000) . Therefore, the self-consistency check through the Kramers-Kronig criterion is important in getting the correct results. We note that the bands calculated for a CaC 6 monolayer (dashed blue line Fig. 5(c) . Fig. 5(d) shows ReΣ for different momentum lines corresponding, from bottom to top, to azimuthal angles φ = 53 • ,3 2 • and 2 • .A l lt h e self-energies have a structure typical for the interaction with a well defined bosonic mode: the imaginary part has a sharp step-like feature, while the real part has a peak at the energy of the mode, Ω 0 . Therefore, the mode energy can be read directly from the measured self-energy. In our case, the dominant structure occurs at ∼160 meV, with an additional feature at ∼75 meV. These features can be naturally attributed to the interaction with in-plane and out-of-plane phonons of the graphene sheets. We note that the finite energy resolution also affects the measured ReΣ near the Fermi level, within the resolution range, but with the tendency to underestimate the measured electron-phonon coupling (Valla, 2006) . We have excluded the affected interval |ω| < 20 meV from the considerations and any fine structure, related to a possible coupling to the intercalant modes, is out of our detection limits. At higher energies, we can model the measured self-energy at any φ with an Eliashberg function, α 2 F(ω) (see equation 2), consisting of two peaks: one fixed at 75 meV and the other ranging from 155 to 165 meV. The relative contribution of these two peaks increases from 1:5 to almost 1:1 on moving from φ = 60 • to φ = 0. The modelled ReΣ are shown for these two limiting cases. Our model assumes a constant density of states (DOS), whereas a linear DOS would be a better approximation since the scattering is expected to reflect the density of final states. This is visible in Fig. 5(c) , where ImΣ quickly acquires a slope as one moves from ΓKtoKM. 
, would be in the range 200Å< ǫ ab < 800 Å, if we take ∆ ≈ 1.6 meV for the superconducting gap (Bergeal et al., 2006) . v F (k) gives ǫ ab ≈500 Å, in reasonable agreement with ǫ ab ≈350 Å reported in scanning tunneling microscopy (Park et al., 2007) , specific heat (Kim et al., 2006) and magnetization (Emery et al., 2005; Lamura et al., 2006) studies. We also note that peculiar linearity in the upper critical filed, H C2 , at low temperatures, could also be explained by anisotropic Fermi velocity on the graphene-derived Fermi surface (Mazin et al., 2007) . In contrast, the highly isotropic intercalant Fermi surface would not produce linear H C2 . Recent theoretical calculations suggest that in CaC 6 ,t h ec r u c i a lr o l ei sp l a y e db yc a l c i u m , i.e. electrons on the intercalant-derived Fermi surface are strongly coupled to the intercalant vibrations (Boeri et al., 2007; Calandra & Mauri, 2005; Csányi et al., 2005; Mazin, 2005) . Those calculations show nearly one order of magnitude weaker coupling of the graphene-derived electrons to the in-plane graphene phonons, with essentially no anisotropy . The large calcium isotope effect also implies the dominant role of soft Ca vibrations
463
Superconductivity and Electron-Phonon Coupling in Graphite Intercalation Compunds in superconductivity (Hinks et al., 2007) . Our results, on the contrary, suggest that graphene sheets play the dominant role because the obtained electron-phonon coupling on graphene-derived Fermi surface with the in-plane and out-of-plane graphene phonons seems to be more than sufficient to give T c ∼11.6 K in CaC 6 . By extending similar analysis to a whole series of graphite intercalation compounds, including LiC 6 ,K C 8 ,K C 24 (Camacho et al., n.d.; Pan et al., 2010) , and BaC 6 , we have been able to track certain trends and to get a better insight into the mechanism of superconductivity in the intercalated graphite. Fig. 6 shows the self-energies and the extracted electron-phonon coupling for the two most interesting members of the series: LiC 6 ,KC 8 .Thesuperconducting transition temperature, T c , in these two materials is inverted from the expected trend in which the more charge nominally transferred to graphene sheets would mean the higher T c . However, the actual charge transfer to graphene sheets measured in photoemission, is different from the nominal one dictated by the chemical formula (see Fig. 3 ) and, as previously discussed, it is actually larger in KC 8 than in LiC 6 . Following the same procedure as for CaC 6 , we have extracted the electron-phonon coupling from the self-energies. The coupling in both materials shows some anisotropy [ Fig. 6(f) ], with the maximum along the KM direction and the minimum along the ΓK direction, similar, but significantly weaker than in CaC 6 (Valla et al., 2009 ) and what was recently reported for KC 8 (Grüneis et al., 2009 ). The most important observation, however, is that the momentum averaged λ k is stronger in KC 8 than in LiC 6 . The coupling constant and its anisotropy both increase from LiC 6 to KC 8 to CaC 6 , exactly in the same sequence as the actual filling of the graphene π * band and in previously established sequence for T c . Strengthening of the electron-phonon coupling with the filling of the π * band has also been observed in the epitaxial graphene (McChesney et al., 2007) . This is not surprising, because the density of states near the Fermi level increases with the filling of the π * band. Also, a larger Fermi surface makes an electron-phonon scattering process more probable as the phase space available for the scattering events grows. In the pristine graphite, the Fermi surface is nearly a point and the coupling is strongly suppressed (Leem et al., 
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Physics and Applications of Graphene -Experiments www.intechopen.com Fig. 8(c) . This correlation suggests that the graphene π * states and their coupling to graphene in-plane phonons is crucial for superconductivity in graphite intercalation compounds. The only role that the intercalants seem to play is to provide the charge for filling of the π * states. As an additional test of this idea we have calculated the superconducting transition temperature, T c , from McMillan's formula (McMillan, 1968) , using the measured coupling constants λ k and Coulomb pseudo-potential μ * = 0.14. The calculated T c is compared with the experimental one in Fig. 8(b-c) . It is clear not only that the calculated T c follows the same trend, but even the absolute values are very close to the measured ones. This reinforces our conclusion that the graphene electronic states and graphene-derived phonons are crucial for superconductivity in GICs. Note that the threshold-like behavior near λ k = 0.3 places LiC 6 on one side and KC 8 on another side of a steep increase in T c . We note that superconductivity in LiC 3 and LiC 2 , materials in which more Li is pushed in under pressure, supports our picture where the electron-phonon coupling and superconductivity strengthen with the filling of graphene π * states. The increase in T c from 0.39 K for stoichiometric KC 8 to 0.55K in material with excess K is also in line with this picture. A further test would be a systematic photoemission study on alkaline-earth GICs (Ca, Sr, Ba) where T c decreases with the atomic mass of alkaline-earth intercalant. 
Enhancement of electron-phonon coupling via dynamical nesting
A huge discrepancy between the calculated and measured coupling, where the later one is almost one order of magnitude stronger, naturally provokes the question: Where is such strong and anisotropic coupling coming from? Similar anisotropy was recently reported for electron-phonon coupling in K and Ca doped graphene on SiC (McChesney et al., 2007) . There, the proximity of van Hove singularity to the Fermi level was suggested to be an origin of the enhanced coupling. Even though the claim on very high anisotropy was subsequently retracted due to the erroneous procedure of extracting the coupling near the KM lines, the measured coupling on the unaffected portion of the Fermi surface was still significantly stronger than the calculated one . In the case of CaC 6 we believe that we have found the likely mechanism of enhancement of the coupling: very favourable dynamical nesting conditions exist on the Fermi surface that may strongly enhance the inter-valley coupling. This is illustrated in Fig. 9 . In order to satisfy the energy conservation rule in an electron-phonon scattering event, the photohole created at ∼160 meV has to be scattered to the Fermi level after emission of a 160 meV phonon. To explore the allowed momenta in such a process, we plot the states at ω = −160 meV at one corner of the Brillouin zone and the states at the Fermi level (ω = 0) in another corner for two highly doped GICs: KC 8 (panel (a)) and CaC 6 (panel (b)). A wavevector connecting any pair of points on different contours represents an allowed scattering process. Note that in the case of intra-valley scattering, both contours would have to be centred at the same K point. However, from the measured phonon spectra in graphite (Maultzsch et al., 2004) , and recent Raman experiments on CaC 6 (Hlinka et al., 2007) , it is clear that there are no q ≈ 0m o d e sa t∼160 meV and we have to consider inter-valley scattering. Fig. 9 . Dynamical nesting of the Fermi surface in GICs. Contour of photoemission intensity from KC 8 (a) and CaC 6 (b) at ω = 0 meV (yellow contour) around K' point and at the "kink" energy ω = −Ω 0 = −160 meV (red contour), in the vicinity of of K point of the Brillouin zone. White (yellow) arrow represents the ΓK(ΓM) wave vector, while the dashed green arrow represents the wave vector that "nests" the two contours. Evidently, the nesting is much more efficient in CaC 6 than in KC 8 . (c) Phonon dispersions in pristine graphite (Maultzsch et al., 2004) . The position of dynamical nesting wave vector for CaC 6 from(b) is marked with green arrow. Its length corresponds to the exchanged energy.
From Fig. 9 , it appears that in the case of CaC 6 , some wave-vectors are particularly efficient in connecting the two contours. As the ω = −160 meV contour is slightly convex and the Fermi surface is slightly concave with essentially the same curvature, the green vector in Fig 9(b) effectively nests the whole side, or ∼ 1/3 of the length of the two contours. The tips of contours can be nested by two such vectors, which might explain a portion of the observed anisotropy in λ. The additional factor characterizing the tips is a gain in coupling to lower frequency phonons at ω ≈ 75 meV, as can be seen in Fig. 5d . We note that the observed "nesting" is not static: it involves emission/absorption of a high frequency phonon and would not produce the charge density wave instability. The dynamical nesting and resulting enhancement of the electron-phonon coupling is obviously very sensitive to the filling of graphene-derived bands. For lower doping levels, the nesting efficiency is quickly lost as both contours become convex, as is evident in the case of KC 8 (Fig. 9(a) ). At even higher fillings, possibly realized under pressure (Gauzzi et al., 2007; Smith et al., 2006) , the nesting conditions would likely improve further, but at some point, the coupling to lower frequency phonons near the KM lines might become too strong and eventually drive the system into the charge-density wave state.
Summary and outlook
In conclusion, we have performed angle resolved photoemission spectroscopy studies of the electronic structure in pristine graphite and several alkali and alkaline-earth GICs. We have measured the strength of the electron-phonon interaction on the graphene-derived Fermi surface to carbon derived phonons in these materials and found that it follows a universal trend where the coupling strength and superconductivity monotonically increase with transfer of electrons into the graphene-derived π * states. This correlation between the filling of graphene π * states, the strength of the electron-phonon coupling and superconductivity suggests that both graphene-derived electrons and graphene-derived phonons are crucial for superconductivity in GICs. We have also identified a possible mechanism of enhancement of the electron-phonon coupling in these materials that stems from the particular Fermi surface geometry. For highly doped systems (CaC 6 ), a concave triangular shape of the Fermi surface perfectly matches the convex energy contour at the energy of the exchanged phonon, effectivley enhancing the electron-phonon coupling. Such mechanism is expected to be very sensitive on the occupation of the π * band and might be used to fine-tune the coupling in order to reach a maximal T c . Perhaps this is what is going on under pressure in some superconducting GICs (Gauzzi et al., 2007; Smith et al., 2006) . We note that similar results were obtained for graphene monolayers, epitaxially grown on SiC(0001) and Ir(111) and chemically doped by adsorbed (or subsurface) alkali and alkaline-earth atoms (Bianchi et al., 2010; McChesney et al., 2007; . Due to the reduced dimensionality, we probably cannot expect these systems to be superconducting, but the ability to contionusly fill the π * states and to fine tune the electronic structure in these films offers the opportunity of measuring the electron-phonon coupling in much finer steps of doping. Such studies might help in understanding the role of the Fermi surface topology in shaping the properties of graphite intercalation compounds and open the new avenues of designed synthesis of new intercalated materials with targeted properties.
